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METHODS FOR INHIBITING STAT3
SIGNALING IN IMMUNE CELLS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims benefit of priority under 35 USC
§119 to U.S. Provisional Application Ser. No. 60/6335,900,

filed Dec. 14,2004, which 1s incorporated herein by reference
in its entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMEN'T

This mvention was made with United States government

support awarded by the National Institutes of Health and
National Cancer Institute (Grant No. RO1 CA89693). The
United States government has certain rights 1n this invention.

REFERENCE TO A SEQUENCE LISTING

This application contains a Sequence Listing. The
Sequence Listing, submitted on one (1) diskette, 1s incorpo-
rated herein by reference 1n 1ts entirety.

INTRODUCTION

Signal transduction 1s classically thought to employ a
series of second messengers or intermediaries that act
sequentially to relay extracellular stimuli to the nucleus.
However, studies of interferon (IFN)-dependent gene expres-
s1on have led to the discovery of pathways that signal directly
from the cell surface to the nucleus. Essential mediators of
signaling 1n these direct pathways are referred to as signal
transducers and activators of transcription, or “STATSs.”
Members of the STAT family of transcription factors become
activated by tyrosine kinases 1n the cytoplasm, dimerize, and
then migrate to the nucleus where they directly regulate gene
expression. Thus, STATs perform a dual function with respect
to signal transduction and gene regulation, thereby obviating,
the need for additional intermediaries.

Seven mammalian STAT family members (Statl through
Stat6, with StatSa and Stat5b representing distinct genes)
have been molecularly cloned and share common structural
clements. Structural motifs common to most STAT family
members and their associated functions have been elucidated
based on biochemical and molecular studies. Each STAT
molecule contains an Src-homology 2 (SH2) domain, a com-
mon protein-protein interaction domain among signaling,
proteins. Monomeric, mnactive STAT proteins associate with
cach other to form active dimers through a key phosphoty-
rosine (pY) residue, which binds to the SH2 domain of
another STAT monomer. Furthermore, such reciprocal SH2-
pY 1nteractions are required for STAT functions, including
nuclear transport and DNA binding. Thus, the activating
event 1n STAT signaling 1s tyrosine phosphorylation. The
DNA-binding domain resides 1n the N-terminal portion of the
STAT molecule. Located within the C-terminal portion 1s the
transactivation domain, which contains a serine residue, the
phosphorylation of which 1s required for maximal transcrip-
tional activity.

Deregulated activation of STATs 1s thought to contribute to
neoplastic transformation. In contrast to normal signaling,
aberrant receptor activation or protein tyrosine kinase (PTK)
activity mnduces constitutive STAT signaling 1n oncogenesis.
For example, abnormal activation of Stat3, a member of the
STAT family, has been linked to a number of cancers. In
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2

particular, Stat3 1s abnormally activated with high frequency
in the carcinomas of the breast, head and neck squamous cell
carcinoma, ovarian carcinoma, and skin melanomas. Abnor-
mal Stat3 activation also correlates with the progression of
diverse hematopoietic malignancies, such as various leuke-
mias and lymphomas, and Stat3 1s frequently activated 1n both
multiple myeloma cell lines and tumor cell lines derived from
patient bone marrows.

The mventors and others have investigated the effects of
targeting Stat3 signaling in cancer cells and have demon-
strated that inhibition of Stat3 suppresses tumor growth and
induces tumor regression (see e.g., U.S. Application Publica-
tion No. 20050074502 and Niu et al., “Gene Therapy with
Dominant-negative Stat3 Suppresses Growth of the Murine
Melanoma B16 Tumor in Vivo,” Cancer Res. 59, 5059-63
(1999)). Moreover, it has been shown that constitutive acti-
vation of Stat3 in tumors negatively regulates induction of
adaptive immunity by blocking tumor expression ol proin-
flammatory mediators (Wang et al. “Regulation of the innate
and adaptive immune responses by Stat3 signaling in tumor
cells,” Nature Medicine 10:1, 48-54 (2004)). Indirectly
decreasing Stat3 expression or function in antigen presenting
cells (APCs) by co-culture with tumor cells having decreased
Stat3 function has also been shown to have anti-tumor etfects
in mice (U.S. Application Publication 200401735369). How-
ever, direct inhibition of Stat3 signaling 1n immune cells has
not previously been evaluated.

BRIEF SUMMARY

In one aspect, the invention concerns methods for enhanc-
ing the antitumor activity of an immune cell by contacting the
immune cell with a Stat3 inhibitor.

In another aspect, the invention provides methods for kill-
ing a tumor cell or mnhibiting tumor growth 1n a subject by
contacting an immune cell of the subject with a Stat3 inhibi-
tor.

BRIEF DESCRIPTION OF THE FIGURES

The patent or application file contains at least one drawing,
executed 1n color. Copies of this patent or patent application
publication with color drawings will be provided by the
Patent Office upon request and payment of the required fee.

FIG. 1 shows results of PCR analysis of genomic DNA
from bone marrow after poly(1:C) treatment with primer sets
that distinguish full-length Stat3’*** and Stat3-deleted alleles.

FIG. 2 shows electrophoretic mobility shift assay (EMSA)
results confirming lack of Stat3-DNA binding activity in
Stat3~'~ bone marrow cells. SIE is a DNA probe for detecting
Stat3 and Statl DNA-binding activity, whereas MGF detects
Stat5-DNA  binding. Positions of Stat homo- and het-
erodimers are imndicated.

FIG. 3 depicts results of intracellular flow cytometric
analysis using an antibody to detect tyrosine-phosphorylated
Stat3 (phospho-Stat3).

FIG. 4 shows results of flow cytometry analysis of splenic
DCs from Stat3~~ and Stat3** tumor bearing mice. Top,
percentage of total splenocytes o1 CD11c¢* and CD11¢c"MHC
[T+ or &% subsets. Bottom, data from FACS are presented as
means=+s.d.; n=3.

FIG. 5 shows results of an ELISA assay for IL-12 expres-
sion by CD11c¢* DCs purified from spleens of tumor-bearing,

Stat3** and Stat3™~ mice after lipopolysaccharide stimula-
tion (left panel). Also shown is proliferation of OTII CD4* T
cells stimulated by Stat3** and Stat3~~ DCs+OVA (right

panel). Data are shown as meanszs.d.; n=3.
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FIG. 6 shows results of intracellular staining of tumor-
infiltrating DCs with antibody to phosphorylated Stat3 (phos-
pho-Stat3), followed by flow cytometry. Representative
results of three independent experiments with three to four
mice per group are shown.

FI1G. 7 depicts representative results of FACS analysis of
MHCIT”’CDS80” or MHCII”’CD86™ tumor-infiltrating
CD11c¢™ DCs. Shown are data from one of three independent
experiments with four to s1x mice per group.

FI1G. 8 depicts results of FACS analysis comparing tumor-
infiltrating CD8* and CD8~ DCs in Stat3** and Stat3™~'~

mice. Representative results of three experiments with 3-6
mice per group are shown.

FI1G. 9 depicts comparison of splenic cell suspensions pre-
pared from tumor-free and B16 tumor-bearing mice and
tumor-infiltrating DCs by flow cytometric analysis.

FI1G. 10 depicts comparison of tumor-infiltrating DCs from
Stat3** and Stat3~~ mice by flow cytometric analysis.

FIG. 11 1s a graphical representation of the percentage of
splenic neutrophils (Gr17CD11b™) from B16 tumor-bearing
and tumor-free Stat3** and Stat3™~ mice as determined by
FACS analysis (left). Shown are the meanszs.d.; n=>5.
®%%P<().001. Also shown are results of a > 'Cr-release assay to
determine cytotoxicity of neutrophils using FcyR™ mouse
mastocytoma (P815) cells as targets (right). Shown are rep-
resentative results from one of three independent experiments
done 1n triplicate; means=SD. Two mice were used for each
experiment.

FI1G. 12 15 a graphical representation of the percentage of
splenic NK cells from Stat3*™* and Stat3™~ mice with and
without B16 tumor as determined by FACS analysis using
CD49b-specific antibody (left). Shown are the means+s.d.;
n=>5. ***P<0.001. Also shown are results of a >'Cr-release
assay to assess NK cell cytotoxicity using YAC-1 cells as
targets (right). Shown are the representative results from one
of three independent experiments done in triplicate.

FI1G. 13 1s a graphical representation of the results of FACS
analyses of tumor-infiltrating NK cells (CD49b™) and granu-
locytes (Grl™) from wild-type mice with antibody to phos-
pho-Stat3.

FI1G. 14 depicts the results of EMSA analysis of splenic NK
cell and granulocyte nuclear extracts incubated with and
without IL-10 and probed for Stat heterodimers with SIE.

FIG. 15 depicts FACS analysis of Stat3** and Stat3~'~
splenic NK cells using anti-phospho-Stat3 antibody to assess
activation; 1sotype indicates stating with 1sotype antibody;
control indicates untreated cells; +1L.-10 indicates cells were
stimulated with 20 ng/ml IL-10 for 20 minutes.

FIG. 16 depicts FACS analysis of Stat3** and Stat3™'~
splenic granulocytes using anti-phospho-Stat 3 antibody to
assess activation; 1sotype indicates stating with 1sotype anti-
body; control indicates untreated cells; +1L-10 indicates cells
were stimulated with 20 ng/ml IL-10 for 20 minutes.

FIG. 17 depicts FACS analysis for Fasl. expression in
Stat3** and Stat3~'~ tumor-infiltrating neutrophils from B16
tumor-bearing mice.

FIG. 18 1s a graphical representation showing percentages
of T cells (CD3%) 1n spleens of tumor-iree and B16 tumor-
bearing mice with and without Stat3 in their hematopoietic
system as determined by flow cytometry analysis. Shown are
the means=+s.d.; n=5, P<0.001.

FI1G. 19 1s a graphical representation showing results of an
ELISPOT assay for IFN-v expressed by T cells from B16
tumor-bearing mice. Data shown are mean numbers of p13E-
specific IFN-y-producing spots from seven to nine separate
mice per group analyzed individually. **P=0.0092.
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FIG. 20 shows results of immunohistochemical analysis of
B16 (top) and MB49 (bottom) tumor tissue sections prepared
from Stat3*'* and Stat3~'~ mice. Red indicates CDS staining;
blue mdicates CD4 staining.

FIG. 21 depicts results of flow cytometry analysis for sur-
face expression of CD25 and Lag-3 or intracellular levels of
Foxp3 1n tumor-inﬁltrating L, cells trom Stat3** and
Stat3™~ mice. Shown are percentages of double-positive
cells, representative of three independent experiments.

FIG. 22 1s a graphical representation of B16 tumor volume
over time in Stat3** and Stat3~'~ mice. Shown are the results
representative of three independent experiments; n=10 for
cach experiment. ***P<0.001; **P<0.01; *P<0.03.

FIG. 23 1s a graphical representation of MB49 tumor vol-
ume over time in Stat3** and Stat3~~ mice. Shown are the
results representative for two independent experiments; n=10
for each experiment.

FIG. 24 1s a graphical representation of MB49 tumor vol-
ume over time in mice engrafted with Stat3** and Stat3~'~
whole bone marrow.

FIG. 25 1s a graphical representation of the effects of Stat3
ablation on established B16 tumor growth, n=12.

FIG. 26 1s a graphical representation of the effects of Stat3
ablation on established MB49 tumors, n=9. Shown are the
results of two independent experiments.

FIG. 27 1s a graphical representation of the effects of Stat3
blockade on established tumors 1n the presence of a control rat
IgG or antibodies to CD4 and CDS8, as indicated. Statistical
significance of the experiment was tested by one-way
ANOVA, P=0.0196, n=5. Data are mean numbers+s.e.m.

FIG. 28 shows results of immunohistochemical analysis of
colon sections from tumor-free Stat3™~ mice 20 weeks after
Stat3 ablation (magnification x40).

FIG. 29 shows results of immunohistochemical analysis of
colon sections from tumor-bearing Stat3** and Stat3~'~ mice
4 weeks after Stat3 ablation (magnification x40).

FIG. 30 shows results of immunohistochemical analysis of
colon sections from tumor-bearing Stat3*™* and Stat3™"~ mice
treated with vehicle or CPA-7 (magnification x40).

FIG. 31 1s a graphical representation showing sensitivity of
tumor cells to CPA-7-induced apoptosis 1n vitro as deter-
mined by annexin V staining.

FIG. 32 depicts the results of EMSA analysis of dendritic
cells preincubated with CPA-7 overnight and then stimulated
with II-6, IFN-y or GM-CSF and probed for Stat het-
erodimers.

FIG. 33 depicts results of intracellular flow cytometric
analysis using an antibody to detect tyrosine-phosphorylated
Stat3 (phospho-Stat3). Top panel: Phospho-Stat3 (Stat3P)
levels 1n MB49 tumor-infiltrating DCs. Lower panel: Stat1P
levels 1n tumor-infiltrating DCs.

FIG. 34 1s a graphical representation of the effects of
CPA-"/ treatment on established tumors 1n the presence of a
control rat IgG or antibodies to CD4 and CDS8, as indicated.;
P=0.0088 (by one-way ANOVA), n=56.

FIG. 35 depicts results of a >'Cr-release assay to assess
activation of NK cell cytotoxicity by CPA-7 using YAC-1
cells as targets; n=3.

FIG. 36 1s a graphical representation of the effects of
CPA-"/ treatment on established MB49 tumors in the presence
of antibody to asialo GM1 or control rabbit IgG, as indicated;
P<0.0001 (by one-way ANOVA), n=11.

FIG. 37 depicts a schematic overview of Stat3 as a negative
regulator of antitumor immunity and potential target for
immunotherapy.

FIG. 38 1s a graphical representation of the number of lung
nodules 1 tumor-bearing CPA-7-treated and control mice.
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FIG. 39 shows photographs of India ink-stained and
unstained lungs from tumor-bearing CPA-7-treated and con-

trol mice.
FI1G. 401s a graphical representation showing survival rates
of CPA-7 treated and untreated tumor-bearing mice.

DETAILED DESCRIPTION

The inventors have discovered that blocking Stat3 in
hematopoietic cells induces a complex antitumor response
that includes both 1nnate and adaptive elements. Moreover,
dendritic cells lacking Stat3 signaling in tumor-bearing hosts
have heightened immune function in comparison to tumor-
infiltrating dendritic cells having constitutively activated
Stat3. B16 antigen-specific T cells from Stat3~~ mice bearing
B16 tumors become activated without vaccination. Mice with
a Stat3”~ hematopoietic compartment display enhanced
T-cell infiltration 1n tumors. Stat3 blockade-induced antitu-
mor elfects are T-cell dependent. Lack of Stat3 signaling in
neutrophils and NK cells, at least when exposed to the tumor
microenvironment, leads to significantly enhanced antitumor
cytolytic activities. Thus, inhibiting Stat3 activity in multiple
hematopoietically-derived cell types restores tumor immune
survelllance, and targeting Stat3 in these cells within the
tumor microenvironment evokes therapeutic antitumor
immunity. Importantly, the above effects were observed inde-
pendent of the sensitivity of the tumor to the Stat3 inhibitor. In
other words, antitumor effects were observed even 1n tumors
insensitive to Stat3 blockade-mediated apoptosis.

In accordance with the above discoveries, one embodiment
of the mnvention provides a method of enhancing antitumor
activity ol an immune cell comprising contacting the immune
cell with a Stat3 inhibitor. As used herein, an immune cell 1s
an eflector, helper or regulator of adaptive and/or innate
immunity, or 1s a hematopoietic progenitor or stem cell which
differentiates 1nto a mature immune cell. Suitable 1mmune
cells which may be targeted for inhibition of Stat3 include,
but are not limited to, dendritic cells, natural killer cells, T
cells and neutrophils, as well as progenitor or stem cells. Most
suitably, the immune cell 1s a tumor mfiltrating immune cell.

“Contacting an immune cell” refers to the direct targeting,
of an immune cell with a Stat3 inhibitor, either by targeted
delivery for in vivo administration, or by incubation with a
Stat3 inhibitor ex vivo or in vitro. The term *“‘contacting an
immune cell,” as used herein, expressly does not include
indirect methods of inhibiting Stat3 1n immune cells, such as
by co-culturing immune cells with tumor cells having
reduced Stat3 signaling or contacting immune cells with
supernatant from cultured tumor cells having reduced Stat3
signaling.

As used herein, a “tumor” refers to any mamfestation of a
hyperproliferative disorder, including, e.g., a solid tumor
mass, a system of tumor nodules and/or cancer of the hemato-
poietic system. Examples of tumors suitably treated 1n accor-
dance with the presently described methods include, but are
not limited to, carcinomas of the breast, head and neck squa-
mous cell carcinomas, prostate carcinomas, ovarian carcino-
mas, skin melanomas, leukemias and lymphomas. As will be
understood, any neoplastic disease characterized by abnor-
mal Stat3 activation 1s suitably ameliorated as described
herein. “Enhancing antitumor immunity’” refers to improving,
cytolytic, presentation or helper (1.e., cytokine secretion)
functions of immune cells, resulting 1n, e.g., tumor cell kill-
ing, induction of tumor cell apoptosis, reduction in tumor
volume, reduction of tumor burden, eradication of established
tumors, mmhibition of tumor cell proliferation, reduction of
metastasis and/or enhanced survival of tumor-bearing sub-
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jects. Methods of assaying for these effects are commonly
employed 1n the art. Antitumor activity 1s “enhanced™ 1f any
of the above listed effects are increased 1n the presence of
immune cells that have been contacted with a Stat3 inhibitor
compared to control immune cells that have not been con-
tacted with a Stat3 inhibitor.

As used herein, “inlibition” or “inhibiting” Stat3 1n
immune cells encompasses both pharmacological blocking
of Stat3 and genetic deletion of or interference with Stat3
coding sequences in 1mmune cells. A “Stat3 inhibitor,” as
used herein, 1s any agent capable of disrupting Stat3 signaling
in an immune cell. As will be appreciated, suitable Stat3
inhibitors include not only agents that directly interiere with
binding of Stat3 to its consensus sequence, but also may
suitably include agents that interfere with tyrosine phospho-
rylation required for Stat3 dimerization by, e.g., mnhibiting
tyrosine kinases and/or SH2-pY 1nteractions. Further suitable
agents may interfere with nuclear transport of Stat3 dimers. In
addition, structural features of Stat3, such as the DNA bind-
ing and transactivation domains, may suitably serve as targets
for functional disruption of Stat3. The most suitable agents
for inhibiting Stat3 will be those that are potent and selective
disruptors of Stat3 signaling activity. Suitable compounds for
inhibiting Stat3 in immune cells include platinum (IV) com-
pounds and their pharmaceutically acceptable salts. The term
“pharmaceutically-acceptable salts” means salts of the plati-
num complexes of the invention which are prepared with
acids or bases, depending on the particular substituents of the
compounds. Examples of a pharmaceutically acceptable base
addition salts include sodium, potassium, calcium, ammo-
nium, or magnesium salt. Examples of pharmaceutically
acceptable acid addition salts include hydrochloric, hydro-
bromic, nitric, phosphoric, carbonic, sulphuric, and organic
acids like acetic, propionic, benzoic, succinic, fumaric, man-
delic, oxalic, citric, tartaric, maleic, and the like. Platinum
(IV) compounds and their pharmaceutically acceptable salts
can be prepared using conventional techniques known 1n the
art.

Examples of suitable platinum (IV) compounds include
CPA-1, CPA-3 CPA-7, and platinum (IV) tetrachloride. One

particularly suitable inhibitor 1s CPA-7, the structure of which
1s shown below.

NO,

- | _cl
P
|~

Cl

H;N

H;N

A further platinum (IV) compound suitable for use 1n
methods of inhibiting Stat3 1n immune cells 1s IS3 295 (ob-

tainable from the NCI diversity set, NSC 295558), the struc-
ture of which 1s shown below.

ClI-
CIR_ | _Cr
2HT - /Pt4f\ .
cr” | Tar
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__/




US 7,951,374 B2

7

Additional suitable small molecule Stat3 inhibitors include
the compounds disclosed in U.S. Application Publication No.
20050080131, which 1s imncorporated herein by reference.

In addition, there are numerous approaches to 1dentifying,
additional compounds that will disrupt Stat3 signaling in
immune cells. Many of these strategies are based on high-
throughput screening to 1dentity compounds that are selective
for inhibiting specific Stat3 functions in vitro or 1n vivo. For
in vitro screens, the ability of compounds to disrupt Stat3
dimerization or DNA binding can be assessed by using modi-
fications of conventional assays that directly measure these
biochemical properties. Specifically, DNA-binding activity
can be assayed using synthetic DNA oligonucleotides corre-
sponding to Stat3 consensus sequences in the promoters of
genes. In vivo screens can be designed to detect disruption of
Stat3-specific gene regulation. Specifically, “reporter”
sequences that are dependent on Stat3 signaling for expres-
sion of proteins that can be conveniently detected based on
biochemical properties such as light emission or calorimetric
intensity are convemently used. Another 1n vivo assay evalu-

ates the effect of compounds on oncogenic properties of
human tumor cell lines 1n culture. The goal of such screens 1s
to 1dentity compounds that effectively stimulate antitumor
immunity with minimal toxicity toward normal cells.

In some embodiments, the Stat3 inhibitor may comprise a
nucleotide or ribonucleotide sequence, including, but not lim-
ited to a Stat3 antisense oligonucleotide (for example, as
taught 1n Wang et al., Nature Medicine 10:1 48-54 (2004),
incorporated herein by reference) or mterfering RNA. Stat-3
antisense sequences complementary to coding or non-coding
regions may be used. Representative Stat3 antisense
sequences are taught in U.S. Pat. No. 6,159,694, which 1s
incorporated herein by reference in 1ts entirety. Non-limiting
examples of suitable Stat3 antisense sequences include the
following;:

sSeguence SEQ ID NO:
5'-ACTCAAACTGCCCTCCTGCT -3 1
5'-TCTGAAGAAACTGCTTGATT-3" 2
5'-GCCACAATCCGGGCAATCT-3" 3
5' -TGGCTGCAGTCTGTAGAAGG-3 ! 4
5'-TTTCTGTTCTAGATCCTGCA-3 5
5'-TAGTTGAAATCAAAGTCATC-3 6
5'-TTCCATTCAGATCTTGCATG-3 7
5'-TCTGTTCCAGCTGCTGCATC-3" 8
5'-TCACTCACGATGCTTCTCCG-3 9
5'-GAGTTTTCTGCACGTACTCC-3 10

Alternatively, a double-stranded oligonucleotide decoy for
the consensus sequence of Stat3 may be employed as a Stat3
inhibitor. Such a decoy suitably closely corresponds to the
response element within the promoter region of a Stat3
responsive gene, thereby impairing the authentic interaction.

Interfering RNA (RNA1) may also be used to inhibit Stat3
in an immune cell. Such techniques, also known in the art as
post-transcriptional gene silencing, are well known. Suitably,
double-stranded RNA corresponding to Stat3 mRNA 1s used
to suppress expression of Stat3 monomers.
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It 1s to be understood that the nucleotide or ribonucleotide
sequences used to mhibit Stat3 1n an immune cell may be
single- or double-stranded. Such sequences may suitably be
modified at the base moiety, sugar moiety or phosphate back-
bone, for example, to improve, e.g., stability or hybridization
of the sequences. The nucleotide or ribonucleotide sequences
are suitably conjugated to a moiety that will facilitate target-
ing to, and uptake by, an immune cell. The nucleotide or
ribonucleotide sequences are suitably introduced into
immune cells using standard molecular biological techniques
well known 1n the art, such as, e.g., using a suitable plasmid or
viral vector.

Additional inhibitors of Stat3 signaling which are suitably
employed 1n the present methods include anti-Stat3 antibod-
1es, dominant negative mutants of Stat3, e.g., Stat33 (Naka-
mma K et al. EMBO 1. 15, 3651-3638 (1996), incorporated
herein by reference) and inhibitors of upstream kinases, e.g.,
Janus kinases, Src and BCR-Abl tyrosine kinases. One suit-
able tyrosine kinase inhibitor 1s AG-490, as well as related
compounds as described 1n International Application Publi-
cation WO 00/4477°74, incorporated herein by reference in 1ts
entirety. Further suitable Stat3 inhibitors include phosphoty-
rosyl peptides that complex with Stat3 monomers and prevent
the formation of dimers, e.g., PY*LKTK (where Y* repre-
sents phosphotyrosine) (as taught by Turkson et al., J. Biol.
Chem. 276, 45443-45455 (2001), incorporated herein by ret-
erence 1n 1ts entirety).

In some embodiments of the present methods, an immune
cell 1s contacted with the Stat3 inhibitor 1n vitro, ex vivo or in
vivo. For 1in vivo methods, the Stat3 inhibitor 1s targeted to the
immune cell in a composition that 1s suitably formulated for
systemic administration. One particularly suitable means for
targeting a Stat3 inhibitor to an immune cell 1 vivo 1s to
conjugate the Stat3 inhibitor to an antibody specific for a
surface marker of the immune cell of interest. Conjugating
antibodies to particular agents i1s suitably accomplished
according to art-recognized methods, e.g., as in U.S. Pat. Nos.
3,927,193, 4,331,647, 4,348,376, 4,361,544, 4,468,457,
4,444.744, 4,460,459, 4,460,561, 4,624,846 and 4,818,709,
the disclosures which are incorporated herein by reference.
As will be appreciated, multiple immune cell types can be
simultaneously targeted with Stat3 inhibitors to provide a
multicomponent antitumor immune response. Antibodies are
suitably conjugated to particulate drug carriers such as lipo-
somes and microspheres comprising the Stat3 inhibitor.

Surface markers suitably employed to target Stat3 1nhibi-
tors to dendritic cells 1include, but are not limited to, Grl,
VEGF-R, CD1, CD23, CD39, CD40, CD83 and CD146.
Surface markers suitably employed to target Stat3 inhibitors
to T cells include, but are not limited to CD3, CD4, CDS,
CD25 and Lag-3. Surface markers suitably employed to tar-
get Stat3 mhibitors to neutrophils include, but are not limited
to CD15, CD16, CDw17, CD35, CD66a, CD66c¢c, CD66d,
CD68, CD89,CDw92,CD93, CD116, CDw128 and CD1536.
Surface markers suitably employed to target Stat3 inhibitors
to NK cells include, but are not limited to CD2, CD16, CD39,
CD56, CD57, CD62L, CD69, CD9%4, CD98, CDI159a,
CD161,CDI162R,CD165and CD166. As will be understood,
surface markers present on multiple immune cell types may
suitably be employed to target Stat3 inhibitors to multiple cell
types using antibodies directed to those surface markers.
Combinations of antibodies are also suitably employed to
target single or multiple immune cell subsets.

A Turther suitable means known 1n the art by which Stat3
inhibitors may be targeted to immune cells includes nanopar-
ticle delivery, including aptamer-conjugated nanoparticle
delivery.
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As an alternative to 1n vivo targeting of Stat3 inhibitors to
immune cells, ex vivo approaches are also suitable for
enhancing antitumor activity of immune cells. Suitably,
adoptive immunotherapy techmiques may be used, wherein
immune cells are 1solated using techniques known 1n the art,
contacted with a Stat3 inhibitor and then administered to a
subject bearing a tumor. Suitably, the immune cells are
administered intravenously using conventional methods
known 1n the art.

Additional embodiments of the present invention are
directed to a method of killing a tumor cell or inhibiting tumor
growth 1n a subject comprising contacting an immune cell of
the subject with a Stat3 inhibitor. In these embodiments, the
amount of Stat3 inhibitor suitably administered 1s a therapeu-
tically effective amount, 1.e., an amount suificient to achieve
anti-tumor therapeutic efficacy.

Therapeutic administration of Stat3 inhibitors can be
accomplished by any suitable technmique presently or prospec-
tively utilized by those skilled 1n the art. Stat3 inhibitors may
be administered by any suitable route known in the art includ-
ing, for example, oral, nasal, rectal, and parenteral routes of
administration. As used herein, the term parenteral includes
subcutaneous, intradermal, intravenous, intramuscular, intra-
peritoneal, and intravenous administration, such as by 1njec-
tion.

Administration of Stat3 inhibitors can be continuous or at
intervals as can be readily determined by a person skilled 1n
the art. An ordinarily skilled clinician can determine effective
dosages. The specific therapeutically effective dose level for
any particular patient will depend upon a variety of factors,
including the disorder being treated and the severity of the
disorder; activity of the specific compound employed; the
specific composition employed; the age, body weight, gen-
cral health, sex and diet of the patient; route of administration;
the rate of excretion of the Stat3 inhibitor employed; the
duration of the treatment; drugs used 1n combination or coin-
cidental with the Stat3 inhibitor and like factors well known
in the medical arts. For example, 1t 1s well within the level of
ordinary skill in the art to start doses of the compound at levels
lower than those required to achieve the desired therapeutic
elfect and to gradually increase the dosage until the desired
elfect 1s achieved.

If desired, the effective daily dose may be divided into
multiple doses for purposes of administration. Consequently,
single dose compositions may contain such amounts or sub-
multiples thereof to make up the daily dose. As noted, those of
ordinary skill in the art will readily optimize effective doses
and co-administration regimens as determined by good medi-
cal practice and the clinical condition of the individual
patient. For example, suitable total daily dosages of compo-
sitions including CPA-7 may provide about 1 mg/kg to about
10 mg/kg, about 4 mg/kg to about 6 mg/kg, and/or about 5
mg/kg. Doses are suitably administered about twice or about
three times per week. Daily administration of lower dosages
1s also contemplated. Administration 1s suitably continued
until tumor burden 1s reduced in a subject by at least 50%.
Most suitably, administration 1s continued until tumor 1s no
longer detected 1n a patient, 1.e., the patient 1s 1n complete
clinical remission.

Compounds useful in the methods of the subject invention
can be formulated according to known methods for preparing

pharmaceutically useful compositions. Formulations are
described 1n detail 1n a number of sources which are well

known and readily available to those skilled in the art. For

example, Remington’s Pharmaceutical Science by E. W.
Martin describes formulations which can be used 1n connec-

tion with the subject invention. In general, the compositions
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ol the subject invention will be formulated such that an etfec-
tive amount of the bioactive platinum complex 1s combined
with a suitable carrier 1n order to facilitate effective adminis-
tration of the composition. The compositions used in the
present methods can also be 1 a vanety of forms. These
include, for example, solid, semi-solid, and liquid dosage
forms, such as tablets, pills, powders, liquid solutions or
suspension, suppositories, injectable and infusible solutions,
and sprays. The preterred form depends on the intended mode
of administration and therapeutic application. Compositions
including Stat3 inhibitors also preferably include conven-
tional pharmaceutically acceptable excipients which are
known to those skilled in the art. Examples of excipients for
use with Stat3 inhibitors include ethanol, dimethyl sulfoxide,
glycerol, alumina, starch, and equivalent carriers and dilu-
ents. To provide for the administration of such dosages for the
desired therapeutic application, pharmaceutical composi-
tions of the invention will advantageously comprise between
about 0.1% and 99%, and especially, 1 and 15% by weight of
the total of one or more of the Stat3 inhibitors based on the
weight of the total composition including carrier or diluent.

In certain embodiments of the invention, killing a tumor
cell or mhibiting tumor growth 1n a subject comprises con-
tacting an immune cell, such as a bone marrow cell, with a
Stat3 inhibitor. The immune cells may be 1solated from the
patient bearing the tumor (autologous bone marrow trans-
plant) or may be 1solated from a donor (heterologous bone
marrow transplant), taking into consideration all relevant fac-
tors, such as donor compatibility. Methods of 1solating
immune cells or subsets of immune cells from the bone mar-
row of a patient are known 1n the art and suitably employed
with the present invention. After isolation, the immune cells
or subsets of immune cells from the bone marrow are con-
tacted with a Stat3 inhibitor or combination of Stat3 1nhibi-
tors ex vivo. For example, immune cells may be contacted
with CPA-7 at a concentration of 10 um for about 8 hours.
After suificient incubation with a Stat3 inhibitor, e.g., until
antitumor function 1s enhanced in comparison to control cells,
the immune cells are intravenously infused or otherwise
administered to the subject or patient bearing the tumor.

In other embodiments of the invention, killing a tumor cell
or inhibiting tumor growth 1n a subject comprises contacting
a tumor-infiltrating lymphocyte (TIL) with a Stat3 inhibitor.
Methods of 1solating TILs are known in the art. Isolated TILs
may be contacted with a Stat3 inhibitor as described above
and administered to the subject bearing the tumor to be
treated.

The present methods are suitably employed in combination
with at least one further anti-hyperproliferative therapy. Such
further therapies may be termed “adjunct” therapies. One
suitable adjunct therapy for use with methods of inhibiting
Stat3 1 an immune cell includes administration of a chemo-
therapeutic agent to the subject. Most chemotherapeutic
agents fall into the following categories: alkylating agents,
antimetabolites, antitumor antibiotics, corticosteroid hor-
mones, mitotic inhibitors, and mitrosoureas. Any combination
ol specific chemotherapeutic agents may be used 1n connec-
tion with the present methods. It 1s envisioned that lower
dosages of chemotherapeutic agents may be employed when
used 1 combination with the present methods than are typi-
cally used 1n monotherapy.

Similarly, the present methods may be suitably employed
in combination with admimistration of a tumor-specific vac-
cine to the subject. Suitable tumor specific vaccines may
comprise killed tumor cells displaying a protein associated
with a particular tumor that have been shown to provoke an
immune response to the tumor. DNA vaccines are also known
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and are suitably used in connection with the presently
described methods. Administration and dosage consider-

ations are within the skill in the art.

The present methods are also suitably employed 1n combi-
nation with radiation therapy, as conventionally employed in
the art. Radiation may be administered externally or inter-
nally using conventional radiation dosing schedules. For
example, radiation therapy may be given daily, 5 days per
week. Radiation dosage depends on a number of factors
including tumor type, age, weight and condition of the
patient, as well as other factors typically considered by the
skilled clinician. The typical dose for a solid epithelial tumor
may range from 50 to 70 grays (Gy) or more, while lympho-
mas (white cell) tumors might receive doses closer to 20 to 40
Gy given 1n daily doses. The total dose can be given 1n daily
fractions using external beam radiation or the total dose can
be given via other methods such as implants that deliver
radiation continuously over a given timeframe. Depending on
the implant type, it may be given as a fraction (e.g. High Dose
Rate HDR) over minutes or hours. Alternatively, permanent
seeds may be implanted (such as in the prostate) which slowly
deliver radiation until the seeds become inactive. As with
chemotherapy, 1t 1s envisioned that lower dosages of radiation
may be employed when used 1n combination with the present
methods than are typically used 1n monotherapy.

The following examples are provided to assist 1n a further
understanding of the invention. The particular materials and
conditions employed are intended to be further 1llustrative of
the mvention and are not limiting upon the reasonable scope
thereol.

Example 1
Materials and Methods

The following materials and methods were used 1n the
experiments described in Examples 2-7.

Cell lines. Mouse B16 melanoma, YAC-1 and P815 target
cells were purchased from American Type Culture Collec-
tion. MB49 bladder carcinoma and C4 mouse melanoma lines
were gifts from T. Ratlitt (University of Iowa) and J. Fidler
(M.D. Anderson Cancer Center), respectively.

In vivo experiments. Mouse care and experimental proce-
dures were performed under pathogen-free conditions in
accordance with established institutional guidance and
approved protocols from Institutional Animal Care and Use
Commuittees of the University of South Florida and Johns

Hopkins University. Mx1-Cre mice were obtained from the
Jackson Laboratory and Stat3’“*”°** mice were obtained

from S. Akira and K. Takeda (Osaka University). Generation
of mice with Stat3~~ hematopoietic cells by an inducible
Mx1-Crerecombinase system was performed as described by
Lee C K etal., Immunity 17, 63-72 (2002) and Alonz1 T et al.,
Cytokine 26, 45-56 (2004), each of which are specifically
incorporated herein by reference. Deletion of Stat3 was veri-
fied by PCR, using primer sets that distinguish Stat3, Stat3/>**
and Stat3-deleted alleles, and by EMSA.

For EMSA, nuclear extracts were prepared from Stat
and Stat3~~ bone marrow cells stimulated for 20 minutes
with 1L-10 (10 ng/ml) and/or GM-CSF (20 ng/ml). Bone
marrow transplantations were performed with whole bone
marrow obtained from Stat3** and Stat3™~ donor mice as
described by Wang, J. W. et al., Science 295, 2094-2097
(2002), which 1s incorporated herein by reference.

For subcutaneous tumor challenge, 5x10* B16 or 5x10°
MB49 tumor cells were 1njected mto 7-8-week-old wild-type
mice at 5 days after poly(I:C) treatment, or 2 months after
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bone marrow transplant. After 3-5 weeks, mice were killed
and spleens as well as tumor specimens were harvested.

For therapeutic studies, Stat3 " or Cre-Stat3’*"o**
mice were challenged with either B16 or MB49 tumor cells,
followed by poly(1:C) treatments when tumors were at least
3-5 mm 1 diameter. Because of a male antigen-speciific
response 1n female mice by tumor challenge, MB49 tumor
experiments were carried out using male mice only.

For CPA-7 treatment, MB49 tumors were implanted into
male C57BL/6 mice and tumors were allowed to grow until
5-7 mm 1n diameter. Mice were given intravenous injections
of either vehicle (10% DMSO/PBS) or 5 mg/kg CPA-7 once
every 3 days.

Flow cytometry. Single-cell suspensions were prepared by
mechanic dispersion of spleen or tumor tissues. 1x10° freshly
prepared cells suspended 1n a mixture of PBS, 2% FCS and
0.1% (wt/vol) sodium azide were preincubated with FeylIIl/
IIR -specific antibody to block nonspecific binding and cells
were stained with different combinations of fluorochrome-

coupled antibodies to CD11c, I-A” (MHC class 1I), CDS86,
CD11b, Grl, CD49b, CD3, CD25 or Lag-3, or with annexin
V (BD Biosciences). Fluorescence data was collected on
FACSCalibur (Beckton Dickinson) and analyzed using
Flowlo software (Tree Star).

Isolation of tumor-infiltrating 1mmune cell subsets and
intracellular staining of signaling molecules. Freshly excised
tumor tissues were gently minced into small pieces and incu-
bated 1n 400 U/ml of collagenase D (Roche) solution for 30
minutes at 37° C. Cell suspensions were filtered through a
mesh filter for 1solation of various immune cell subsets using
specific antibodies 1n combination with EASYSEP magnetic
nanoparticles (StemCell Technologies, Canada). Isolated
tumor-infiltrating cells were fixed 1n paratormaldehyde and
permeated in methanol before intracellular staining with anti-
bodies to phosphotyrosine-Stat3 and Statl (BD Biosciences)
or with Foxp3-specific antibody (eBiosciences). Fluores-
cence data was collected on FACSCalibur (Beckton Dickin-
son) and analyzed using Flowlo software (Tree Star).

Isolation and functional analysis of splenic DCs. DCs were
isolated from mouse spleens and purified using CDl1lc
MACS beads (Milteny1 Biotec). For 1L-12 measurement by
ELISA (Endogen), DCs were cultured with 100 ng/ml
lipopolysaccharide for 18 hours to collect supernatants. A
T-cell proliferation assay with CD4™ T cells purified from
OTII mice was performed as described by Wang, T. et al., Nat.
Med. 10, 48-34 (2004), which 1s incorporated herein by reif-
erence.

Immunohistochemistry. Five millimeter sections of tlash-
frozen tumor specimens were fixed 1n acetone, stained with
antibodies to CD4 and CD8, and detected with peroxidase- or
alkaline phosphatase-coupled secondary antibodies using
NovaRED and Blue Chromogen (Vector) as described by
Wang, I. W. et al., Science 2935, 2094-2097 (2002), which 1s
incorporated herein by reference.

Transverse colon sections were stained with hematoxylin-
cosin and antibodies to CD4, CDS8 or CD11b. Staining with
rat IgG was used as a negative control.

Cytotoxicity assays. NK cell and neutrophil cytotoxicity
assays were performed as described by Wex, S. et al., J. Exp.
Med. 187,1753-1765 (1998), which 1s incorporated herein by
reference. Briefly, a 4-hour > Cr-release assay was carried out
using YAC-1 cells as targets for enriched NK cells or FcyR™
mouse mastocytoma (P815) cells as targets for enriched neu-
trophails.

ELISPOT assays. Spleens were harvested from mice chal-
lenged subcutaneously with 1x10° B16 tumor cells 2 weeks
post-challenge. 5x10° splenocytes were seeded into each well
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ol a 96-well filtration plate 1n the presence or absence of 10
ug/ml of p15E peptide and imncubated at 37° C. for 24 hours.
Peptide-specific IFN-y-positive spots were detected accord-
ing to the manufacturer’s protocol (Cell Sciences), and
scanned and quantified using the Immunospot Analyzer from
Cellular Technology Ltd.

Statistical analysis. To compare tumor size or surface
marker expression between multiple test groups 1n mouse
experiments, a one-way ANOVA followed by Newman-
Keuls test was performed. An unpaired t-test was used to
calculate two-tailed p values to estimate statistical signifi-
cance of differences between two treatment groups. Statisti-

cally significant p values were labeled as {follows:
#HxpP<0.001; **P<0.01 and *P<0.05. Data were analyzed
using Prism software (GraphPad).

Example 2
Generation of Stat3~'~ Adult Mice

Generation of Stat3~~ mice by an inducible Mx1-Cre
recombinase system was performed as described 1n Example
1. Injection of poly(I:C) mto mice carrying the Mx1-Cre
transgene (Cre) and Stat3 alleles flanked by loxP sites
(Stat3’”*"**y Jed to effective Stat3 deletion in bone marrow
cells, as determined by PCR analysis of genomic DNA from
bone marrow, using primers that distinguish full-length
Stat3’°** and Stat3-deleted alleles. Results, shown in FIG. 1,
demonstrate effective Stat3 deletion.

Stat3 deletion was confirmed by an electrophoretic mobil-
ity shift assay (EMSA). Nuclear extracts were prepared from
Stat3** and Stat3™~ bone marrow cells stimulated for 20
minutes with IL-10 (10 ng/ml) and/or GM-CSF (20 ng/ml).
Preparations were probed with SIE, which detects Statl and
Stat3 binding activity, and MGF, which detects Stat-5 bind-
ing. FIG. 2 shows lack of Stat3 dimer binding activity in
Stat3~'~ mice.

CD11c* dendritic cells purified from spleens of Stat3**
and Stat3™~ mice were stimulated with IL-10, followed by
intracellular staining with a phospho-Stat3-specific antibody.
Intracellular flow cytometric analysis further confirmed dele-
tion of Stat3 1n dendritic cells, as shown 1n FIG. 3.

Example 3
Stat3 Ablation Activates Dendritic Cells

Splenic DCs were isolated from Stat3** and Stat3™~ mice
as described in Example 1. 1x10° freshly prepared cells were
suspended 1n a mixture of PBS, 2% FCS and 0.1% (wt/vol)
sodium azide with Fcylll/IIR -specific antibody to block non-
specific binding. After staining with tluorochrome-coupled
anti-CD11c and anti-I-A¢ (MHC class 1I), flow cytometric
analysis showed that the total number of cells 1s not reduced
in Stat3™~'~ as compared to Stat3*"* mice (FIG. 4).

Next, splenic DCs from tumor-bearing Stat3** and
Stat3~~ mice were cultured with 100 ng/ml lipopolysaccha-
ride for 18 hours and supernatants were collected. ELISA was
used to determine IL-12 levels 1n the supernatants. As shown
in FIG. 5 (right panel), Stat3~~ mice produced higher levels
of IL-12. Proliferation of OTII CD4™ T cells after stimulation
by splenic DCs (+ or —OVA) from tumor-bearing Stat3** and
Stat3~'~ mice was also measured. The Stat3~'~"DCs showed
enhanced ability to present antigen and activate T cells, as
shown 1n FIG. 5 (left panel).

To evaluate effects of Stat3 deletion on tumor-infiltrating,
dendnitic cells, freshly excised tumor tissue was minced and
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incubated 1n 400 U/ml collagenase D (Roche) solution for 30
minutes at 37° C. Cell suspensions were filtered through a

mesh filter and magnetic nanoparticles 1n combination with
dendrnitic cell-specific antibodies (anti-MHC 11, CD80, CD86
and CD11c) were used to 1solate DCs. Isolated DCs were
fixed 1n paratformaldehyde and permeated 1n methanol before
intracellular staining with antibody to phosphorylated Stat3
and flow cytometric analysis. As shown i FIG. 6, Stat3 is
constitutively activated 1in tumor infiltrating DCs from control
mice. Moreover, as shown 1n FIG. 7, tumor infiltrating DCs
from Stat3~~ mice showed increased expression of MHC
class II, CD80 and CD86, when compared to Stat3** mice.

Subsets of tumor-infiltrating DCs in both Stat3** and
Stat3~~ mice were further analyzed for CD11c and CDS8
expression. Results, shown in FIG. 8, indicate that tumor-
infiltrating DCs were essentially all CD8™ in both Stat3*'* and
Stat3~'~ mice. Cell suspensions from spleens of tumor-free
and B16 tumor-bearing mice were stained for CD11c¢ and
B220 and compared with tumor-infiltrating DCs by tlow
cytometric analysis. As shown 1n FIGS. 9 and 10, the percent-
age of B220™ plasmacytoid DCs was higher in tumor than 1n
spleen, and a decrease in tumor-infiltrating B220™ plasmacy-
toid DCs (thought to be mnvolved 1n tolerogenic functions
through generation of regulatory T cells) in Stat3~'~ mice was
detected.

Example 4
Stat3 Ablation Activates Neutrophils and NK Cells

Stat3** and Stat3™~'~ mice were challenged subcutaneously
with 5x10” B16 tumor cells as described in Example 1. After
3-5 weeks, tumor-challenged and control mice were killed
and spleens were harvested. Total spenocytes were analyzed
by FACS to determine the percentage of neutrophils (Grl™
CD11b") present. As shown in FIG. 11 (left panel), induction
of Stat3 deletion considerably increased the number of
splenic granulocytic lineage cells. A >'Cr-release assay was
conducted to assess cytolytic activity of 1solated neutrophils,
using FcyR™ mouse mastocytoma (P815) cells as targets. As
shown 1n FIG. 11 (right panel), the results demonstrate that
reduced Stat3 signaling in neutrophils enhances their
cytolytic activity against target tumor cells, regardless of
whether they were 1solated from tumor-iree or tumor-bearing
mice.

Splenocytes 1solated from tumor-challenged and control
Stat3** and Stat3~~ mice were also analyzed by FACS to
determine the percentage of NK cells (CD49b™). As shown in
FIG. 12 (left panel), there was no significant change 1n the
number of NK cells between Stat3*'* and hematopoietically
Stat3-ablated mice. However, 1n the presence of tumor, NK
cell numbers were decreased by about 25% 1n both groups.
Splenic NK cytolytic activity was assessed using a > Cr-
release assay with YAC-1 cells as targets. As shown in F1G. 12
(right panel), the cytolytic activity of NK cells 1solated from
tumor-free mice did not differ between Stat3~'~ and Stat3*'*
mice. However, after tumor challenge, NK cells from Stat3™'~
mice showed enhanced cytolytic activity against target cells.

Tumor-infiltrating NK cells and neutrophils from wild-
type mice were evaluated for phosphorylation by intracellular
staining with antibody to phospho-Stat3 followed by FACS
analysis. The results, shown 1n FIG. 13, show that Stat3 was
constitutively activated 1in tumor-infiltrating NK cells and
neutrophils, as compared with their splenic counterparts.

Nuclear extracts were prepared from neutrophils and NK
cells 1solated from spleens of tumor-bearing mice and 1ncu-
bated with or without IL-10 (20 ng/ml for 20 minutes). Flow
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cytometry and electrophoretic mobility shift assay (EMSA)
indicated that IL-10 activates Stat3 in NK cells (CD49b™
CD37) and granulocytes (Grl™), as shown in FIGS. 14-16.
Next, neutrophils from B16-tumor bearing mice were ana-
lyzed for FasL expression three weeks after tumor challenge.
As shown 1 FIG. 17, FasLL expression was increased in

Stat3™~ Gr1*CD11b* neutrophils.

Example 5
Stat3 Ablation Activates T-Cells

Percentage of T cells (CD37) in spleens of tumor-free and
B16 tumor-bearing mice with and without Stat3 was assessed
by tlow cytometry. Although ablation of Stat3 alleles in bone
marrow cells led to a reduction of absolute numbers of T cells
in tumor-free mice, as shown 1n FIG. 18, no difference was
observed 1n the numbers of T cells 1n the tumor-bearing
Stat3*'* versus Stat3~'~ mice. As shown in FIG. 19, T cells
from B16 tumor-bearing mice with Stat3™~ hematopoietic
cells were able to mount stronger responses against an endog-
enous B16 tumor antigen than their Stat3** counterparts, as
assessed by IFN-y ELISPOT.

Because the ability of T cells to infiltrate tumors 1s consid-
ered crucial for induction of tumor regression, T cells from
Stat3~'~ mice were examined for ability to infiltrate tumors.
Immunohistochemical staining of B16 and MB49 mouse
tumors showed considerably higher infiltration by T lympho-
cytes in tumor tissues from Stat3™~ mice. As shown in FIG.
20, immunohistochemical analysis of B16 (top) and MB49
(bottom) tumor tissue sections prepared from Stat3** and
Stat3~'~ mice demonstrated that T cells in mice with Stat3™'~
hematopoietic cells infiltrate tumors more elliciently. As

eradication of tumors, including B16 tumors, 1s thought to be
inhibited by T regulatory (T,,__) cells, the effect of Stat3 defi-

reg
ciency in hematopoietic cells on tumor-infiltrating T, cells
was also determined. As shown 1n FIG. 21, the proportions of
tumor-infiltrating CD4™ T cells expressing T, markers

(CD25, Foxp3 and Lag-3) in Stat3~'~ mice were considerably
reduced.

Example 6

Ablation of Stat3 1n Hematopoietic Cells Induces
Antitumor Effects

The ability to induce hematopoietic Stat3 ablation 1n our
system permits determination of how Stat3 signaling 1in
hematopoietic cells ultimately atiects tumor growth indepen-
dent of Stat3 activity within tumor cells. As described 1n
Example 1, Stat3 alleles were deleted in hematopoietic cells
before subcutaneous tumor challenge 5 days after poly(I1:C)
administration. FIG. 22 shows that B16 tumor development 1s
significantly inhibited in Stat3~~ mice. FIG. 23 shows that
MB49 tumor development 1s also significantly inhibited.

To prove that the observed antitumor effects were contrib-
uted by Stat3 ablation in the hematopoietic compartment,
lethally 1rradiated Wlld -type recipients were reconstituted
with Stat3** or Stat3~~ bone marrow. We challenged mice
with engrafted Stat3** or Stat3™'~ bone marrow with MB49
tumors 2 months after bone marrow transplant. As shown in
FIG. 24, growth inhibition followed by complete rejection of
tumors was observed in mice with reconstituted Stat3~~ bone
marrow, whereas tumors in Stat3** mice grew progressively.
These results confirmed that loss of Stat3 in the hematopoi-
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etic system mediates the observed antitumor ettects. MB49
tumor growth is abolished in mice engrafted with Stat3~/~
whole bone marrow.

L B

Io determine whether blocking Stat3 signaling in immune
cells would have therapeutic antitumor effects, Stat3/o”//ox*
and Cre-Stat3’*”"*** mice were challenged with B16(F10)
tumor cells. When tumors became palpable (average diam-
cter, 4 mm), poly(I1:C) was administered to both groups on
days 7, 11 and 13. As shown 1n FIG. 25, ablating the Stat3
alleles 1n hematopoietic cells led to significant growth 1nhi-
bition of established B16 tumors. Moreover, as demonstrated
in FI1G. 26, ablation of Stat3 also induced complete regression
of established MB49 tumors. Average tumor diameter was 6
mm on the day of 1mitial poly(I1:C) treatment.

To determine whether Stat3 blockade-induced antitumor
elfects require T cells, MB49 tumors were implanted 1n poly
(1:C)-treated Stat3’°*”°** and Cre-Stat3’*"*** mice and

Stat3~'~ mice were injected with a control rat IgG or antibod-
1es to CD4 and CD8. Results are shown in FIG. 27. Although
ablation of the Stat3 alleles in bone marrow cells abrogated
MB49 tumor growth as expected the observed antitumor
cifects were essentially lost in the absence of CD4™ and CD8™

T cells.

Example 7

Antitumor Effects of Stat3 Ablation 1s Independent

of Autoimmunity

Colons from tumor free Stat3™~ mice were evaluated for
autormmune elfects at 20 weeks after Stat3 deletion by immu-
nohistochemical analysis. As shown 1n FIG. 28, Crohn’s dis-
case-like pathology was observed, with infiltration by lym-
phocytes and macrophages. In contrast, there was virtually no
evidence of systemic autoimmunity at 4 weeks after induced
depletion in tumor-bearing Stat3** and Stat3~~ mice (FIG.
29). Similarly, there was a lack of pathologic changes 1n
colons of tumor-bearing Stat3** and Stat3~'~ mice treated
with vehicle or CPA-7 every third day for three weeks (FIG.
30).

This analysis 1ndicates that although Stat3 ablation-in-
duced antitumor immunity 1s apparent within a week, there
was virtually no evidence of systemic autoimmunity, suggest-
ing that the antitumor responses induced by Stat3 ablation are
not simply a manifestation of systemic autoimmunity in these
mice, but rather a specific effect on intrinsic tumor immune
survetllance.

Example 8

Targeting Stat3 with a Small-Molecule Inhibitor
Induces Antitumor Immunity

The etfects of blocking Stat3 1n immune cells with CPA-7,
a small-molecule Stat3 inhibitor, were assessed. For these
experiments, both B16 and MB49 tumor cells were used. In
contrast to B16, MB49 tumor cells are insensitive to CPA-7-
induced tumor-cell apoptosis, as determined by annexin V
staining. Percentages of apoptotic cells are shown 1n FIG. 31.

Mouse DC2.4 dendnitic cells were preincubated with 10
um CPA-7 overnight and then stimulated for 20 minutes with
20 ng/ml IL-6 (activator of both Stat3 and Statl), 500 U/ml
IFN-v (activator of Stat5) or 20 ng/ml GM-CSF (activator of
Stat5). After cell lysis, nuclear extracts were prepared and
EMSA was conducted to detect DNA binding. As shown 1n
FI1G. 32, CPA-7 inhibits Stat3 but not Stat]l or StatS in den-

dritic cells.
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To {further characterize activation of CPA-7 treated
immune cells, Phospho-Stat3 (Stat3P) levels in tumor-iniil-

trating DCs were assessed 24 hours after intravenous 1njec-
tion with vehicle or CPA-7 and compared to splenic CD11c”
cells from tumor-free Stat3** mice. As shown in FIG. 33,
tumor-infiltrating DCs from the mice receiving CPA-7
showed considerably reduced phosphorylated Stat3 com-
pared to vehicle-treated mice. Also shown 1n FIG. 33, CPA-7
treated tumor-infiltrating DCs have increased phosphorylated
Stat].

Mice with MB49 tumors (about 6 mm 1n diameter)
received mtravenous mjections of either vehicle or CPA-7. As
shown 1n FIG. 34, blocking Stat3 with CPA-7 inhibits the
growth of established tumors. In the absence of CD4™ and
CD8" T cells, CPA-7-induced tumor growth inhibition was
abrogated, suggesting a direct role for immune cells 1n the 1n
vivo antitumor effects of CPA-7.

Cytotoxicity ol CPA-7-treated NK cells from tumor-bear-
ing hosts was assessed using a standard °'Cr-release assay
with YAC-1 cells as targets, as described 1in Example 1. As
shown 1n FIG. 35, NK cell activity 1s increased from tumor-
bearing mice treated with CPA-7.

Mice with established MB49 tumors were treated with
vehicle or CPA-7 1n combination with control or asialo GM1 -
specific antibody. As shown 1n FIG. 36, NK depletion par-
tially abrogates the 1n vivo antitumor etffects of CPA-7 treat-
ment.

Taken together, these data suggest that targeting Stat3 with
small-molecule drugs has the potential to induce therapeutic
antitumor responses through activating immune cells regard-
less of the tumors’ direct sensitivity to the inhibitors. A sche-
matic overview of Stat3 as a negative regulator of antitumor
immunity and potential target for immunotherapy 1s shown in
FIG. 37. As shown, Stat3 activity 1n tumor-associated NK
cells and neutrophils inhibits direct cell cytotoxicity and anti-
tumor innate immune responses. Activation of Stat3 in tumor-
infiltrating DCs impedes CD8™ T-cell function, and may con-
tribute to accumulation of tolerogenic T, cells imside
tumors.

Example 9

Targeting Stat3 Inhibits Tumor Metastasis and
Prolongs Survival of Tumor Bearing Hosts

Mice were injected intravenously with 5x10* MB49, B16
or C4 tumor cells, followed by twice weekly treatment with
CPA-7 (5 mg/kg) or vehicle (10% DMSO). Lung colonies
were enumerated 21 days later, when control mice became
moribund. Results, shown 1in FIG. 38, show that CPA-7 treat-

ment significantly reduced or completely abrogated lung
tumor nodules 1n mice with disseminated tumors.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 10

<210>
<211>
212>
<213>
220>
223>

SEQ ID NO 1
LENGTH: 20
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE :

OTHER INFORMATION:

<400> SEQUENCE: 1

Synthetic Oligonucleotide
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To visualize lung tumor nodules, lungs were fixed and
bleached 1n Fekete’s solution with or without India ik as a
counterstain. Representative pictures of excised lungs are
shown 1n FIG. 9.

Mice injected intravenously with 5x10% C4 tumor cells
were treated with CPA-7 twice weekly for three weeks. At
three weeks, control mice became moribund and were killed.
The CPA-7-treated mice were monitored for the next three
weeks. As shown 1n FIG. 40, CPA-7 treatment signmificantly
improved survival, with 100% of treated mice surviving at the
end of six weeks.

Example 10

Combination Therapy Using Targeted Stat3 Inhibitor
and Paclitaxel+Cisplatin

A patient diagnosed with ovarian carcinoma 1s treated with
ant1-CD8 and anti-Lag3 antibodies conjugated to CPA-7. The
antibodies are formulated for intravenous administration and

administered 1n a single bolus 1njection such that 5 mg/kg
CPA-7/ 1s delivered to the patient. The CPA-7/antibody treat-

ment 1s given every 48 hours for 3 weeks. Commencing 24
hours after the first CPA7/antibody treatment, the patient 1s
also treated with TAXOL (paclitaxel) via intravenous deliv-
ery over 24 hours at a dose of 135 mg/m*. The paclitaxel
treatment 1s repeated at the end of the CPA-7 dosing schedule.

After the above course of treatment 1s completed, the
patient 1s evaluated for tumor burden. Treatment 1s repeated
every other month until complete clinical regression of the
tumor.

As used 1n this specification and the appended claims, the
singular forms “a,” “an,” and “the” include plural referents
unless the content clearly dictates otherwise. Thus, for
example, reference to a composition containing “an inhibi-

tor” includes a mixture of two or more 1nhibitors. It should
also be noted that the term “or” 1s generally employed 1n 1ts
sense including “and/or” unless the content clearly dictates
otherwise.

All publications, patents and patent applications refer-

enced 1n this specification are indicative of the level of ordi-
nary skill in the art to which this invention pertains. All
publications, patents and patent applications are herein
expressly incorporated by reference to the same extent as 1f
cach individual publication or patent application was specifi-
cally and individually indicated by reference. In case ol con-
flict between the present disclosure and the incorporated pat-
ents, publications and references, the present disclosure
should control.

The invention has been described with reference to various
specific embodiments and techniques. However, 1t should be
understood that many variations and modifications may be
made while remaining within the spirit and scope of the
ivention.
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-continued

actcaaactg CCCtCCtht

<210> SEQ ID NO 2

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 2

tctgaagaaa ctgcttgatt

<210> SEQ ID NO 3

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 3

gccacaatce gggcaatct

<210> SEQ ID NO 4

<211l> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 4

tggctgcagt ctgtagaagyg

<210> SEQ ID NO b

<211l> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: b5

tttctgttcet agatcctgcea

<210> SEQ ID NO o

<211l> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 6

tagttgaaat caaagtcatc

<210> SEQ ID NO 7

<211l> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 7

ttccattcag atcttgcatyg

<210> SEQ ID NO 8
<211> LENGTH: 20
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

20

20

19

20

20

20

20

20
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22

-continued

<223> OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 8

tctgttceccag ctgctgcatce

<210>
<211>
<212>
<213>
<220>
<223 >

SEQ ID NO 9

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 9

tcactcacga tgcttctecyg

<210>
<211>
<212 >
<213>
«220>
<223 >

SEQ ID NO 10

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic Oligonucleotide

<400> SEQUENCE: 10

gagttttctg cacgtactcc

We claim:

1. A method of enhancing antitumor activity of an immune
cell, wherein the immune cell 1s a neutrophil, an NK cell or a
tumor-infiltrating lymphocyte, comprising contacting the
immune cell with a Stat3 inhibitor, the Stat3 inhibitor conju-
gated to an antibody specific for a surface marker of the
immune cell, wherein the Stat3 inhibitor 1s a platinum (IV)

compound.

2. The method of claam 1, wherein the immune cell 1s
contacted 1n vitro, ex vivo or 1n vivo.

3. The method of claim 1, wherein the platinum (IV) com-
pound 1s CPA-1, CPA-3, CPA-7 or 1S3 295.

4. A method of killing a tumor cell or ihibiting tumor
growth 1n a subject comprising contacting an immune cell of
the subject with a Stat3 inhibitor, the Stat3 inhibitor conju-
gated to an antibody specific for a surface marker of the
immune cell, wherein the immune cell 1s a neutrophil, an NK
cell or a tumor-nfiltrating lymphocyte, wherein the Stat3
inhibitor 1s a platinum (IV) compound and wherein the Stat3
inhibitor enhances the ability of the immune cell to kill a
tumor cell or ihibit tumor growth 1n a subject.

5. The method of claim 4, wherein the platinum (IV) com-
pound 1s CPA-1, CPA-3, CPA-7 or IS3 295.

6. The method of claim 4, wherein the immune cell 1s a
tumor-infiltrating lymphocyte.

7. An ex vivo method of killing a tumor cell or inhibiting
tumor growth 1n a subject comprising contacting an isolated
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tumor-nfiltrating lvmphocyte with a Stat3 inhibitor, wherein
the Stat3 inhibitor 1s a platinum (IV) compound, and admin-
istering the tumor infiltrating lymphocyte to the subject,
wherein the Stat3 inhibitor enhances the ability of the tumor
infiltrating cell to kill the tumor cell or inhibit tumor growth 1n
the subject.

8. The method of claim 4, further comprising administer-
ing a chemotherapeutic agent to the subject.

9. A method of inhibiting tumor growth comprising con-
tacting an 1mmune cell with a Stat3 inhibitor, wherein the
Stat3 mhibitor 1s a platinum (IV) compound the Stat3 1nhibi-
tor conjugated to an antibody specific for a surtace marker of
the immune cell wherein the Stat3 inhibitor enhances the
ability of the contacted immune cell to inhibit tumor growth,
and wherein the immune cell 1s a neutrophil, an NK cell or a
tumor-infiltrating lymphocyte.

10. The method of claim 9, wherein the contacted immune
cell inhibits tumor growth 1ndirectly.

11. The method of claim 1, wherein the immune cell 1s a
neutrophail.

12. The method of claim 1, wherein the immune cell 1s an
NK cell.

13. The method of claim 1, wherein the immune cell 1s a
tumor-infiltrating lymphocyte.

14. The method of claim 4, wherein the immune cell 1s
contacted 1n vivo.
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